Basically, the environment can be integrated into decision-making by adding (a) constraint(s), by monetarisation of the environmental impact and including it in the cost or profit function or by using multi-objective programming approaches. We present the existing work grouped according to different supply chain decisions. For our purpose, these are network design decisions, inventory (ordering) decisions, production mix and production planning decisions and transport mode and transport planning decisions. Within each section we describe the different works and point out similarities and disparities. Section 3.5 provides a summary of the presented models and underlines the relations to our work.
tive function by assigning weights to each part. The consumers make their decisions depending on the product prices and the transaction costs. They derive the optimality conditions for all three parties assuming that they act non-cooperatively. The network is in equilibrium when all optimality conditions hold and no decision maker is better of by altering his/her decision. With numerical examples it is shown that higher costs for the corporate social activities lead to lower levels of CSR and a reduction of product flows. Cooperation within the supply chain, which is the coordination of CSR activities in this work, would help to improve the performance of the whole supply chain.
A network design model which also considers the carbon emissions related to production and transportation is developed by Ramudhin et al. (2008) . They analyse the impact of a cap-and-trade system for emission allowances on the network design decisions. Therefore, in the economic objective function in addition to the fixed costs of facilities, the fixed costs for assignment of products and raw materials, fixed shipment costs, and variable supply and transportation costs also the emission costs or gains are included. Alternatively, multi-objective programming is used and the minimization of carbon emission is also considered in the objective function. They apply the model to a case from the steel industry and specifically analyse the impact of different transport modes on carbon emissions. By using the multi-objective approach a comparably good solution with respect to costs and carbon emissions can be achieved in contrast to a pure economic or environmental optimization.
Diabat and Simchi-Levi (2009) develop a network design model with a carbon cap whereby emissions stem from three sources, namely from plants depending on the consumed energy, from warehouses depending on the volume in stock and from distribution due to the travelled distance between facilities. The supply chain costs consist of shipping costs for transport between plants, warehouses and customers and fixed facility costs for operating plants and warehouses. With a numerical example of a two-level multi-commodity facility location problem they show that a decreasing carbon cap leads to an increase of the supply chain costs. Their work is extended by Abdallah et al. (2010) who consider in addition to the carbon cap the possibility of buying or selling carbon credits. Thereby, additional costs incur if the carbon cap is violated or revenues can be generated by selling excess carbon credits. Furthermore, they distinguish a set of suppliers which differ depending on the carbon emissions embedded in the raw materials. Beside the emissions from the raw materials, emissions also stem from transport (from suppliers, between plants and distribution centres and to customers), energy used in production and the volume stored in the distribution centres. The supply chain costs are the same as in Diabat and Simchi-Levi (2009) extended by the procurement costs (unit raw material costs and shipping costs of the raw materials) and the carbon trading costs. With numerical analyses they show that with increasing carbon costs the total carbon emissions of the supply chain decrease. The total costs first increase because carbon credits are bought due to their low price instead of improving carbon efficiency. But at a certain point, i.e. as soon as the abatement costs are lower than the carbon costs, the total supply chain costs decrease. In addition to that, it is shown that the number of distribution centres increase with higher carbon costs as it is reasonable to reduce transport distances in order to keep the emissions from transport low.
In the field of network design models, several works with an multi-objective programming approach can be found whereby the goal of these models is to specify the trade-off curve between economic and environmental criteria. Other works simply extend "classical" network design models by including emission taxes as additional costs in the objective function or by adding an additional constraint limiting the amount of emissions which result from production, inventory and transportation.
Inventory (ordering) decisions
In recent works, Bonney (2009) and Bonney and Jaber (2010) underline the importance of extending classical models of inventory management to also account for the environmental impacts. This should help to design responsible inventory systems which are systems also reflecting the needs of the environment. They present an overview of potential environmental problems related to inventory and list environmental performance metrics for inventory systems. Several open questions about the impact of inventory systems are pointed out, like, what are the effects of the different replenishment rules on the environment, how does the number and location of inventory facilities impact the energy used in transportation or how does the design of a storage area affect the energy use? A comprehensive work about the relation between inventory and energy is provided by Zavanella and Zanoni (2009). Further, Bonney and Jaber (2010) underline that several developments of the past, such as justin-time delivery, might be reconsidered if the environmental effects are taken into account. As a first step of integrating inventory systems and the environment, they extend the economic order quantity model to show how the environmental dimension could be integrated in existing models. Even though the modelling is quite straightforward the interpretation of the results has to be done carefully. In addition to the classical cost parameters, i.e. fixed ordering costs, purchasing costs and holding costs per unit, they include transportation costs for delivered and returned items and emissions costs from transportation. In addition, they assume that a certain amount of the order quantity has to be disposed of for which disposal costs arise. They conclude that in the environmentally-extended economic order quantity model the optimal order quantity is larger than in the classical model whereby the difference decisively depends on the value of the parameters.
In line with this approach, Hua et al. (2011) also use the economic order quantity model and extend it with carbon emissions from inventory holding and transport. They examine the impacts of carbon trading, a carbon price and a carbon cap on the optimal order quantity, carbon emissions and total cost. So they are able to evaluate the impact of regulations on a company's decision. The emissions from inventory are included in the model with a factor representing the amount of variable emissions due to holding a product unit in stock. A fixed amount of carbon emissions is associated with each order which, therefore, stands for the emissions from transport. They put a carbon price on the emissions from inventory holding and transport. Thereby, emissions are transformed into a markup on the inventory holding costs and on the fixed ordering costs. Also a carbon cap is considered in the extended total cost function. With the extended model the optimal order quantity for the classical model, assuming a carbon price of zero, can be calculated as well as the order quantity resulting in the lowest emissions. The optimal order quantity is independent of the carbon cap but decisively depends on the carbon price and the relation between the emission ratio (variable emissions from inventory holding divided by fixed emissions) and the cost ratio (variable holding costs divided by fixed ordering costs). If these two ratios are equal, the extended model yields the same result as the classical model and the resulting order quantity minimizes costs and emissions at the same time. If the emission ratio is greater than the cost ratio, the optimal order quantity is smaller than the classical optimal order quantity, and vice versa. They conclude that if the emissions from inventory holding are relatively large compared to the emissions from transport the decision maker should keep less inventory by choosing a small order quantity. While this conclusion is straightforward the impact on the total costs is not. They derive critical values for the carbon cap and the carbon price and their impact on the total costs. As long as the carbon cap is smaller than the minimal emissions, i.e. the emissions resulting from the order quantity which minimizes the emissions, the total costs are always greater than the total costs in the classical economic order quantity model. In other words, if the decision maker has to buy carbon credits, the total costs are bound to increase. But if the decision maker is able to sell carbon credits, the total costs may increase or decrease. A reduced carbon cap -given a fixed carbon pricedoes not affect the optimal order quantity and the resulting carbon emissions, but total costs increase because more carbon credits have to be bought. If the carbon price increases -given a fixed carbon cap -the order quantity remains constant, increases or decreases depending on the relation between emission ratio and cost ratio. Two thresholds and the carbon cap determine the impact of an increasing carbon price on the total cost. If the cap is smaller than a Heidrun Rosic -9783653017878 Downloaded from PubFactory at 01/09/2019 02:21:07AM via free access threshold, the total costs increase; if the cap is greater than another threshold the total costs decrease. And if the carbon cap is between the thresholds the total costs first increase and then decrease with increasing carbon price. To conclude, the cap-and-trade mechanism induces the decision maker to reduce carbon emissions which may result in higher costs. But under some conditions, carbon emissions and total costs can be reduced simultaneously. Benjaafar et al. (2010) also investigate to which extent carbon emissions can be reduced by operational adjustments in procurement, production and inventory management without investing in carbon-reducing technologies. They argue that business practices and operational policies might have a larger impact on carbon emissions than technological improvements. Furthermore, lacking coordination within supply chains also creates "carbon inefficiencies" and a higher carbon footprint. They build their analyses on (dynamic) lot-sizing models for single and multiple firms and incorporate different policy settings in the basic models, namely emission caps, emission taxes, emission trading and carbon offsets. The single firm model is similar to the one proposed by Hua et al. (2011) whereby the decision maker's problem is when and how much to order (produce) over a fixed planning horizon consisting of multiple periods with known demand. The objective without consideration of carbon emissions is to minimize the sum of the fixed and variable ordering (production) costs, inventory holding costs and shortage costs. In their framework, fixed carbon emissions are associated with each order; in addition, they consider variable emissions per unit ordered and variable emissions per unit of inventory. The total emissions increase linearly in the associated decision variables. Depending on the policy setting, emissions are either modelled as a constraint (carbon cap), as part of the cost function (emission tax) or both (emission trading and carbon offsets). They extend the single-firm model to multiple firms with and without collaboration. Based on numerical sensitivity analyses they provide conclusions for the different models. For the single-firm model with a carbon cap they conclude that meaningful caps can have a large impact on emission reductions without a high increase of total costs. From sensitivity analyses of different emission factors the impact of technological improvements can be investigated and in their setting changing operational practices turns out to be more cost-efficient than investing in new technologies. Tighter caps can be implemented without negative impact on costs when it is allowed to use carbon offsets to meet the emission constraint. So from a business point of view, economic incentives to reduce carbon emissions are more reasonable than simple restrictions on emissions. Similar to Hua et al. (2011) they conclude that under a cap-and-trade system the emission levels are not affected by the cap but only by the emission price. Therefore, the impact of a cap-and-trade system on the total carbon emissions is similar to an emission tax and a lower carbon cap only indirectly reduces total emission via a higher carbon price. The numerical analyses of the multiple-firm model show that carbon regulations increases the value of collaboration whereby collaboration is particularly beneficial under a strict carbon cap. But the collaboration might not be beneficial for all firms, so contractual agreements are needed in order to create a win-win situation for all firms involved. Finally, they point out that supply chain-wide emission caps have the potential to reduce emissions and costs at the same time.
In contrast to the two models presented above which assume deterministic demand Chen and Monahan (2010) incorporate environmental issue in a stochastic multi-period inventory and production model. They examine the impact of regulatory and voluntary pollution control policies on a firm's inventory decision and on the environment. In their framework, waste is produced as byproduct of the primary production process. A pollution index represents the amount of waste due to the production of one unit of the primary product. This index is not a constant but assumed to be a random variable in order to reflect the uncertainty of the production process and the resulting amount of waste or emissions. In addition to that, demand is also modelled as a random variable. An environmental standard imposes restrictions on the number of products that can be produced by the firm whereby this standard can be regulatory or voluntary. It has to be kept in mind that due to the uncertainty of the pollution index also the environmental limit is uncertain. Under a regulatory pollution control approach, the firm is not allowed to violate the pollution limit whereas under the voluntary pollution control approach, the firm can exceed the limit in the case of product shortages. They show that the mandatory pollution limit induces the firm to produce more in order to cope with the uncertainty; an environmental safety stock is kept in order to prepare for a possible shortage in the future when the environmental standard restricts the optimal production quantity. Under the voluntary environmental standard the firm can exceed the environmental limit but there is a penalty cost per each excess unit of waste. In this way, the environmental consideration is internalized into the decision-making process of the firm. It is shown that the production level and together with it the environmental safety stock is lower than under the regulatory environmental standard and results in better environmental performance. This work also provides insights for policy-making by showing that a strict policy does not automatically lead to a better environmental performance.
All the works found in the field of inventory management relate to the impact of environmental regulations on the inventory decision. For the economic order quantity model it is concluded that regulations with respect to emissions from transport, generally, result in a larger order quantity; but it is also pointed that if also emissions for carrying inventory are considered, the impact on the order quantity depends on the ratio between the emission and the cost factors. Furthermore, in most works it is pointed out that in the case of Heidrun Rosic -9783653017878 Downloaded from PubFactory at 01/09/2019 02:21:07AM via free access emission trading the optimal decision is independent of the imposed emission limit. It is interesting that, even though inventory is only rarely affected by environmental regulations, in this field such regulations are already considered in research.
Production mix and production planning decisions
One of the first works which integrates environmental regulations in production control is Dobos (1998) based on the works of Wirl (1991) and Wirl (1995) . Pollution charges and constraints are integrated into the Holt-Modigliani-MuthSimon model (Holt et al., 1960) which is one the of the basic models for aggregate production planning. The pollution and the related charges depend on the production level. It is shown that a linear charge reduces the production rate and the inventory level; a quadratic pollution charge leads to a smoother production rate and a lower inventory level. In general, a pollution constraint imposes an additional constraint on the production decision and therefore, reduces the range of production possibilities which has already been shown by Wirl (1991 Wirl ( , 1995 . Penkuhn et al. (1997) present an optimization model for production planning in the process industry and integrate byproducts, residues and emission taxes. The model is applied to a case study from the chemical industry (an ammonia synthesis plant for the production of fertilizers). The major environmental concerns of the production process are emissions from the combustion of the fuel gas, the consumption of cooling water and the energy used. In order to represent the high complexity of the production process a non-linear optimization problem is formulated. The objective is to maximize the profit margin by deciding upon the material flow. In addition to the classical objective function, costs for recycling and disposal of emissions and waste are integrated into the objective function. Also, additional constraints representing environmental issues are incorporated, namely the maximum amount of waste going to landfill and the maximum amount of emissions. They show that their integrated approach leads to a slight improvement of the profit of the production process and a substantial reduction of energy use and direct emissions. Letmathe and Balakrishnan (2005) formulate two mathematical models for production planning where the environment is explicitly considered in the decision. Both models can be used to determine the optimal product mix and production quantities while keeping different environmental constraints in addition to the typical production constraints. They pay special attention to the emissions produced during the production process. The regulations concerning emissions are taxes or penalties based on the produced output, fixed thresholds and the trading of emission allowances. The first model which is a linear program assumes that the operating procedure in order to produce a product is fixed in advance. The operating procedure defines the resources needed, the production yield and the emissions resulting from the production process. So the model is used to decide which products to produce and in which quantities. The objective is to maximize profits which consists of the revenues from product sales and selling of emission allowances less the production costs, the costs for the purchase of emission allowances and emission penalties. They assume that the purchasing price of emission allowances is higher than the selling price, mainly due to transaction costs. Three different emission constraints are formulated. The absolute emission constraint limits the total amount of emissions in a certain time period; the product-based emission constraint imposes an upper bound on the average amount of emissions produced based on the total production quantity; the resource-based emission constraint imposes an upper bound on the average amount of emissions of a specific resource. Furthermore, the demand function is related to the emission quantities by assuming that it decreases linearly depending on the amount of emissions produced. In the second model, each product can be produced using different operating procedures and in this case it also has to be decided which (combinations of) operating procedures are used, beside the product mix and the production quantities. This leads to a mixed integer program. With numerical analyses they provide insights into the impact of environmental regulations on the firm's decision and the performance of the firm. It is shown that the emission constraints affect the product mix. For instance, products with a negative profit margin but a low emission factor might be produced in order to help to keep the resource-based emission limit. The effect of emission trading mainly depends on the difference between the purchasing and the selling price of emission allowances. In the case of a high difference, (nearly) no trading takes place and emission trading has the same effect as a fixed emission limit. In the case of no difference between the two emission prices, emission trading has similar impacts as emission taxes.
Radulescu et al. (2009) formulate a multi-objective program for production processes in which they integrate constraints on (pollution) emissions. The decision maker can invest a certain amount of money in the production of different products while aiming at maximizing the expected return and minimizing the pollution risk. The risk is measured in monetary terms as pollution penalties. It is assumed that the emissions related to the production of one unit is not a constant but a random variable. For each type of emission they define three different levels (target/desirable, alarm and maximum level) and they consider two approaches of measuring environmental risk. The penalties which have to be paid are either proportional to the expected amount of pollutant that exceeds the level or proportional to the probability that the threshold Heidrun Rosic -9783653017878 Downloaded from PubFactory at 01/09/2019 02:21:07AM via free access is violated. Furthermore, they model environmental constraints differing between mean-type and safety-first environmental constraints. The mean-type environmental constraint limits the expected amount of emissions whereas the safety-first environmental constraint is related to the probability that the emissions exceed the limit. The model is a stochastic multi-objective programming problem for which they present several solution approaches and they apply the model to a case from the textile industry. A large body of literature deals with the integration of remanufacturing in the classical lot-sizing model (see, for instance, Mabini et al., 1992 , Golany et al., 2001 , Minner and Lindner, 2004 , Teunter, 2001 , 2004 , and the references therein). Remanufacturing means that instead of virgin material returned items are used in order to produce new items. The use of returned items helps to reduce costs, the use of raw materials and the production of waste. Furthermore, it is assumed that the production of remanufactured items can be more energy-efficient (Guide et al., 2000) . So, these models generally assume that by applying remanufacturing an improvement of the environmental dimension is achieved. Only a limited number of these works explicitly consider environmental criteria in decision-making. One of these is the work from Quariguasi Frota Neto et al. (2009a) who not only consider the costs but also the cumulative energy demand of (re)manufacturing. With the help of multi-objective programming they derive the pareto-efficient frontier which shows the trade-off between costs and energy demand. From that it can be derived which costs have to be accepted in order to achieve a certain environmental improvement. Subramanian et al. (2010) develop a non-linear mathematical programming model which they apply to the field of engine (re)manufacturing. Beside presenting the modelling approach, they highlight the information requirements in order to provide reliable decision support. The objective function is profit maximization and they include the environmental dimension on the different supply chain stages, i.e. product design, production and recovery. In product design, the environmental performance of the engine is set, which can be either the engines's emissions or fuel use, and the remanufacturability of an engine is determined. Both decisions are related to design costs which increase with higher performance and higher remanufacturability. In production, the firm has to decide how many quantities of new and remanufactured products should be produced as output. The new and remanufactured products have different (production, disposal, inventory and back-ordering) costs, compete for capacity, face different demand and produce different amounts of emissions. They consider emission limits and the selling and buying of emission allowances for the (re)manufacturing processes. The consideration of an emission limit has a significant impact on the product mix, namely the overall production level decreases and the level of remanufacturing increases due to the favourable emission factors of remanufactured engines.
Also simulation tools and scenario-based analysis can be used to design production processes under environmental considerations. Taplin et al. (2006) present a case study from the metal industry investigating different production processes. They model a supply chain including production, transportation and reverse flows of scrap metal which then can be recycled. They mainly show the impact of different production processes on energy consumption in production and carbon emissions from transport and conclude that under certain circumstances a reduction of negative environmental impact can be accompanied by cost reductions through improved efficiency.
The review shows that the consideration of the environment in decisionmaking in the field of production planning has a rather long tradition with works dating back to the early 1990s. This might be due to the fact that the (negative) impacts of production activities on the environment are evident and environmental regulations are often imposed on manufacturing installations. Different methods ranging from multi-objective programming to linear or mixed-integer optimization and simulation are applied in this field to integrate environmental criteria in decision-making.
Transport mode and transport planning decisions
Anciaux and Yuan (2007) present a model for transport mode choice based on cost minimization where the shipment costs consist of transportation, inventory and transshipment costs. The transportation costs include fixed costs of the transport modes as well as variable costs depending on distance and time. In addition to that, the volume and weight of the products related to the capacity of a transport mode are considered as constraints. The inventory costs depend on the number of products in transit and the transshipment costs vary by mode and depend on the number of transshipments. The environmental impact of the transport modes is split into three types, namely air emission, noise pollution and accident risk. With the help of these performance measures different transport modes can be compared and depending on the objectives of the decision maker the mode with the lowest cost or the lowest environmental impact can be chosen or the two dimensions can be integrated into a single objective function with weighting factors.
Related to this, Kim et al. (2009) use a multi-objective approach in order to show the trade-off between the freight transport costs and carbon emissions. They distinguish between an intermodal network and a truck-only network. The goal is to determine the freight modal split between road, rail and short sea shipping. Emissions stem from the transportation process as well as the transshipment points and are considered in the objective function besides the Heidrun Rosic -9783653017878 Downloaded from PubFactory at 01/09/2019 02:21:07AM via free access transportation costs. They apply their model to a network in Europe and derive the trade-off curves for this case study. Cholette and Venkat (2009) analyse the environmental impact of different distribution options from a winery to the customers with the help of a webbased tool, called CargoScope. They do not provide decision support based on an optimization model but compare different distribution scenarios and their resulting emissions from transportation and storage. The scenarios range from long-distance transport by road, rail or air, to local distribution via a retailer and customer pick-up. They show that the results vary by up to a factor of eighty. Wineries should focus on minimizing carbon emissions from transport; those from warehousing are, in general, negligible, as wine does not require strict cooling. Transport carbon emissions can be reduced by improving transport efficiency through higher load factors or using more environmentally friendly modes. Similar conclusions have already been drawn by Venkat (2007) who shows with the help of several case studies that depending on the product characteristics, in particular cooling requirements, there can be a clear tradeoff between emissions from transport and inventory.
te Loo (2009) presents a methodology for calculating carbon emissions from transport and evaluates the impact of emission regulations. Different actions, like the increase of the load factor or modal split, and their impact on carbon emissions reductions are evaluated. Modal shift proves to be an effective action leading to carbon emission reductions and a decrease of costs. In particular, different variants of including transport activities in the European emission trading scheme are investigated, such as including only a certain number of transport modes in the existing emission trading scheme or building a separate transport emission trading scheme. It is assumed that an emission trading scheme simply means that costs are associated with emitting carbon emissions. So, in this model, emission trading is assumed to being equal to a linear carbon emission tax not considering the specifics of selling and buying of emission allowances.
The work of Hoen et al. (2010) deals with the problem of transport mode choice and specifically does focus on how to derive emission factors for the different modes. In addition to that, the impact of regulations on the decision is evaluated. They consider an emission limit and a linear emission tax. A production facility receives items from a supplier and for the delivery different transport modes are available. The goal is to minimize the average cost per period and to decide which transport mode to use for the shipments. An order-up-to policy is assumed and the products are ordered periodically. Each transport mode has a unit transport cost and a deterministic supply lead time. The average cost consists of penalty cost, holding cost and transportation cost. The classical transport mode selection problem is extended by also considerHeidrun Rosic -9783653017878 Downloaded from PubFactory at 01/09/2019 02:21:07AM via free access ing the emissions from transport. Firstly, an emission-constrained problem is formulated which means that a fixed emission constraint limits the transport mode decision. In this case, the transport mode with the lowest minimum average cost which meets the emission constraint is selected. Secondly, an emission cost-minimization problem is formulated. For that purpose, emission costs are integrated into the original cost function. In addition to that, detailed emission factors for the different transport modes, air, rail, road and water are derived by considering the specifics of each transport mode and the product characteristics (weight and volume). From analytical and numerical analyses they conclude that regulations, like taxes or emission trading, are not effective in encouraging companies to use more environmentally friendly transport modes because the share of the transport costs in the total costs is too small. According to them a hard constraint on emissions would be much more effective.
Only recently practice and research have started to analyse the environmental impact of transport mode choice and transport planning decision on the environment. However, this research field seems to be fruitful in view of the stricter environmental regulations which might be imposed on the transport sector in the near future.
Summary of existing models and relation to this work
In Table 3 .1 all the works presented are listed in alphabetical order and described according to the decision(s) taken and the approach(es) used. In addition to that, it is pointed out if environmental regulations are, explicitly, considered in the model(s) or not. Works dealing with the impact of production on the environment have, according to our literature review, the longest tradition which might be due to the fact that production processes are often responsible for a large part of the negative environmental impacts of a product. More recently, several models dealing with the impact of network design decisions on the environment, in particular, on emissions from production and transport have been developed. Only a limited number of papers dealing with the impact of inventory decisions on the environment have been found. It is pointed out that this field of research seems to be fruitful and that improvements are expected from the incorporation of environmental aspects into inventory models. Furthermore, the modelling of the environmental impact of transport receives increasing attention nowadays because transport activities also contribute towards a large share to the total carbon emissions.
With our work we want to analyse the impact of sourcing and inventory (ordering) decisions on transport carbon emissions and investigate how different environmental regulations with respect to carbon emissions affect the decisionmaking of companies. We focus on the single-period dual sourcing model with an offshore and an onshore supplier based on the newsvendor framework (for more details see Chapter 4). With the help of this model order (and transport) quantities are determined. We integrate a strict emission limit for transport, a linear transport emission tax and emission trading in the classical model. For the modelling of the emission trading we rely on Letmathe and Balakrishnan (2005) assuming a difference between the buying and the selling price of emission allowances. Similar to Benjaafar et al. (2010) and Hua et al. (2011) who analyse deterministic inventory models, we investigate the impact of different environmental regulations on the optimal decision in a stochastic, single-period inventory model. Also the paper of Chen and Monahan (2010) is related to our work as they consider stochastic demand in a multi-period inventory and production model. In contrast to their model in which a stochastic pollution index is included to link the inventory/production quantity with emissions, we assume a constant (average) transport emission factor to point out the relation between offshore order quantity and transport carbon emissions. We also relate our work to the concept of pareto-efficiency (Quariguasi Frota Neto et al., 2008) and want to find out if there are regulatory conditions under which the economic performance can be improved without decreasing the environmental performance and vice versa.
To the best of our knowledge it is the first attempt to integrate environmental considerations and regulations in the dual sourcing decision. We think that our work helps to contribute to this new and emerging field of research by providing guidelines and implications for management and policy-making.
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